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paper. In the current paper, the authors describe howThe Flowers that Bloom
FCA plays an important role in regulating its own mRNA.in the Spring: RNA Processing The mRNA encoding FCA exists in four forms, two of
which predominate: the shorter FCA- form and the full-and Seasonal Flowering
length FCA-. As described elsewhere, maintaining the
ratio of these two forms is important for flowering (Que-
sada et al., 2003). The FCA- transcript encodes the
Seasonal flowering in plants responds to hormonal full-length protein. The FCA- transcript is truncated at
and environmental cues that lead to expression of a polyadenylation site within intron 3, where an inframe
genes for flowering and growth. A new paper in this stop codon exists, and a nonfunctional form of the pro-
issue of Cell describes how one regulatory gene con- tein is produced. Quesada et al. (2003) recently discov-
trols its own expression at the level of mRNA polyade- ered that FCA was involved in an autoregulatory loop,
nylation, adding an exciting new model for both the whereby the full-length FCA protein facilitates the use
RNA processing and plant gene expression fields. of the upstream polyadenylation site in intron 3, giving
rise to the FCA- transcript.
How does FCA accomplish this? A clue comes fromThe advent of the Human Genome Project made clear
the structure of the FCA protein. In addition to its twothat the bulk of genetic diversity in mammals is due to
RNA binding domains, FCA has a WW protein interactionalternative splicing, and to its underappreciated partner,
domain (WW domains are similar to SH3 domains thatalternative polyadenylation. A new paper in this issue
bind proline-rich tracts in other proteins). Simpson etof Cell (Simpson et al., 2003) and a companion paper
al. (2003) determined that, through its WW domain, FCAin EMBO Journal (Quesada et al., 2003) illustrate that
interacts with a second protein, FY. FY has already beenthese mechanisms apply just as much to genetic diver-
described genetically as a late-flowering mutant thatsity in the plant kingdom. Further, these papers identify
is epistatic to FCA, so its involvement comes as littleand characterize an RNA binding protein (FCA) that, with
surprise. More surprising, though, is FY’s heritage: thea partner (FY), controls its own polyadenylation as a
closest known homolog of FY is the yeast polyadenyla-means to regulate flowering times in Arabidopsis thali-
tion factor, Pfs2p (Ohnacker et al. 2000). FY and Pfs2pana. While of great interest to those in the field of flow-
share what are known as WD repeats, regions found inering control, this is also an exciting finding to research-
a number of proteins that assemble in large complexes.ers in the RNA field, because it is the first example of
Another such protein is well known to the polyadenyla-an auxiliary factor that may control alternative polyade-
tion field, CstF-50, which is a member of the core polyad-nylation (to date, all other instances of alternative poly-
enylation machinery in mammals. However, neither FYadenylation control have been attributed to members
nor Pfs2p are likely orthologs of CstF-50. Instead, theof the core polyadenylation proteins).
closest human homolog of FY and Pfs2p is WDC146, aFour distinct pathways control flowering in Arabidop-
nuclear protein that is expressed at highest levels duringsis. The first three are the gibberellin signal transduction
spermatogenesis (Ito et al., 2001), and may be a testis-(GA), the photoperiodic, and the vernalization pathways.
specific polyadenylation factor. These clues suggest aThe GA pathway promotes flowering independently of
model in which the full-length FCA protein recruits FYday length, and depends on the hormone gibberellin.
and the rest of the polyadenylation machinery to theThe photoperiodic pathway responds to longer days,
inefficient polyadenylation site in its own intron 3. Poly-while the vernalization pathway responds to the long,
adenylation within the intron leads to a truncated FCAcold treatment of winter—both harbingers of spring,
protein, which no longer binds RNA, and thus cannotwhen flowers bloom.
promote mRNA polyadenylation, for a complete auto-The fourth pathway is called the autonomous path-
regulatory loop.way, and appears to place a constant pressure on the
Is FY a true polyadenylation protein? In yeast, Pfs2pplants to flower. So far, no one has identified external
is an essential protein of the polyadenylation complexdevelopmental cues that control the autonomous path-
that plays a role analogous to the mammalian core poly-way. The autonomous pathway impinges on the product
adenylation protein, CstF-50. Homologs of the threeof the gene FLOWERING LOCUS C (FLC), a transcription
members of the mammalian CstF have already beenfactor that represses the floral transition. FLC is con-
identified in Arabidopsis, including CstF-50 (Yao et al.,trolled by several regulatory genes, including FCA, an
2002). This suggests that FY does not usurp the job ofRNA binding protein that has been the object of intense
CstF-50, at least not full-time. However, not all relation-scrutiny by Caroline Dean and colleagues for several
ships between polyadenylation proteins are identicalyears.
between plants and mammals. For instance, in Arabi-FCA (whose name doesn’t stand for anything) was
dopsis, the poly(A) polymerase interacts with the corecloned and its protein sequence deduced by Dean’s
polyadenylation protein CPSF-100 (Elliott et al., 2003),group. The major role of FCA is to regulate expression
an interaction that does not occur in mammals. There-of the FLC mRNA. The authors have speculated that
fore, while not a core polyadenylation protein, FY mightregulation of FLC by FCA involves FCA’s RNA binding
abilities, but that is not the focus of the current Cell take on a role in promoting interactions between core
Cell
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Nevertheless, it seems that the FCA/FY control of al-
ternative polyadenylation encompasses a heretofore
unrecognized mechanism, whether or not either of them
are proteins in the core polyadenylation complex. All
examples seen so far of alternative polyadenylation have
been through the core polyadenylation proteins, such
as su(f )/CstF-77, mentioned above, or the proposed role
of CstF-64 in alternative polyadenylation of immunog-
lobin heavy chain mRNAs (Takagaki et al., 1996). A vari-
ant of CstF-64 might even play a role in germ cell-spe-
cific alternative polyadenylation (Wallace et al., 1999).
However, the additional use of auxiliary factors (such
as WDC146 or FY) in any of these scenarios has not
been ruled out.
And, of course, many questions remain. Where in the
FCA pre-mRNA does FCA/FY bind? Does it bind at or
near the site of alternative polyadenylation? That would
be the prediction if FCA autoregulation were through
promotion of polyadenylation at the alternative site.
However, the alternative polyadenylation could just as
easily result from suppression of splicing of the intron,
making the polyadenylation signal more available. How
do FCA and FY regulate FLC mRNA expression? Does
FCA/FY, as the authors suggest, control FLC polyade-
nylation? There is no evidence yet to support this possi-
bility, but it is intriguing, nonetheless. Is either FCA or
FY involved in the posttranscriptional regulation of other
genes, perhaps of genes not involved in the floral transi-
tion? Regardless of these and other questions, it will be
interesting to follow the progress of this flowering field
of research.
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